Gamma-Ray Burst (GRB) afterglow observations in the Swift era have a perceived lack of achromatic jet breaks compared to the BeppoSAX, or pre-Swift era. Specifically, relatively few breaks, consistent with jet breaks, are observed in the X-ray light curves of these bursts. If these breaks are truly missing, it has serious consequences for the interpretation of GRB jet collimation and energy requirements, and the use of GRBs as standard candles.
INTRODUCTION
Since the launch of the Swift satellite, the standard picture of Gamma-Ray Burst (GRB) afterglows has been called into question by the lack of observed achromatic temporal breaks, up to weeks in a few bursts [1, 2] . In some afterglows, a break is unobserved in both the X-ray and optical light curves, while in other bursts a break is observed in one regime but not in the other. In the BeppoSAX era, most well sampled light curves were in the optical regime, while in the Swift era most well sampled light curves are in the Xray regime. Our expectations of the observable signature of a jet break are hence based on the breaks observed pre-Swift, predominantly by optical telescopes, and the models which explained them [e.g. 3, 4, 5] . It is not clear that the breaks will be identical in both the X-ray and optical regimes. Left -Optical (R-band, upper blue crosses) and X-ray count rate (×200, lower red crosses) light curves of GRB 060206. The solid lines show the smoothly broken power-law (with host correction) fit to the optical data to the right of the vertical dot-dash line, and those same parameters scaled to the X-rays. The dotted line shows a single power-law fit to the X-rays. Right -The pre-break broad-band (K S HJR, X-ray) SED of GRB 060206 displays a single power-law spectral index. The post-break SED is consistent with this pre-break SED.
HIDDEN X-RAY BREAKS
We have previously shown [6] that the well sampled X-ray afterglow of GRB 060206 (Figure 1 , Left) can be described by a single power-law decay, though a broken powerlaw, which gives temporal indices and a break time similar to those in the optical, is as good a fit. While it is difficult to accommodate the single power-law decay in the framework of the blast wave model [7] , an achromatic broken power-law decay can be interpreted in terms of a jet break or an energy injection break. The spectral indices of the optical to X-ray spectrum ( Figure 1 , Right) are consistent before and after the optical break, i.e., at ∼ 2.9 and ∼ 23 hours with the break at ∼ 16 hours (∼ 3 hours in the rest frame) after the burst. This indicates that the temporal break is not caused by the passage of a break frequency through the optical regime in the broadband spectrum. The conclusion one can draw from this is that the break is caused by a change in the dynamics of the jet, e.g., the cessation of the energy injection phase or the beginning of the jet-spreading phase (the jet break interpretation).
Many previously studied jet breaks do not display sharp changes in the temporal decay index, but a shallow roll-over from asymptotic values which is described by a smoothly broken power-law. The prototypical example of such a break is GRB 990510 for which well sampled B, V , R and I band light curves display an achromatic break [e.g. 8]. This is accepted as a jet break even though the X-ray light curve as measured by BeppoSAX [9] is satisfactorily described by a single power-law. A break at X-ray frequencies at the same time as the optical break is, however, not ruled out and the temporal slopes before and after that break are similar in the optical and X-rays. In the analysis of GRB 060206 we are seeing the same phenomenon: the optical light curve displays a break, while the X-ray is satisfactorily described by a single power-law fit, though a broken power-law is not ruled out. However, an X-ray break is necessary to explain the afterglow when interpreting it in the context of the blast wave model. 
LIGHT CURVE SYNTHESIS
We have synthesised Swift XRT light curves [10] using similar criteria to those used for the XRT online repository [11] so that the two would be easily comparable. The main points of the synthesis are that the light curves are normalised to 0.1 cts/s at 1 day and span from 3 hours to 30 days unless a rate cut-off of 5 × 10 −4 cts/s is reached before that. Each broken power-law light curve (Figure 2 , Left) is synthesised with given electron energy distribution index, break time, input smoothing factor, environment and spectral regime. We synthesised a number of light curves, each from different sets of these physical parameters that cover the observed ranges. Each synthesised light curve was fit with a single power-law and a broken power-law, and the improvement of the χ 2 of the fits was estimated via the F-test. The data points of each light curve were perturbed and the fitting repeated multiple times in a Monte Carlo analysis (Figure 2 , Right). Our results show that, in some cases, the F-test does not favour the broken power-law over the single power-law (i.e., there is a high probability of a chance improvement of χ 2 ), even though the underlying power-law is in fact broken. This leads, in a number of cases, to breaks being unidentified and we hence need to exercise caution in ruling out breaks with certainty. These hidden breaks are most prevalent in bursts with high levels of smoothing, or when the break is at late times (> 1 day). As the magnitude of the break is dependent on the environment and spectral regime, these also effect the misidentifications of breaks.
CONCLUSIONS
We have shown that a well sampled X-ray light curve synthesised from an underlying broken power-law can often be satisfactorily fit by a single power-law decay, though a broken power-law is as good a fit. This would lead us, in the absence of further evidence, to assume a single power-law and rule out the possibility of a break. This effect is most pronounced in bursts with high levels of smoothing, as many previously studied jet breaks display. In these cases the breaks do not display sharp changes in the temporal decay index but a shallow roll-over from asymptotic values, well described by a smoothly broken power-law, which makes accurate determination of the temporal slopes and break time difficult.
This has significant implications for the analysis of the numerous X-ray light curves that the Swift satellite has afforded us. For those X-ray light curves extending up to ∼ 1 day or longer, for which we do not have well sampled optical light curves, caution is required when making claims about the absence of breaks based solely on a comparison of the nominal fitted slopes. Multi-wavelength (optical & X-ray) temporal and spectral data up to late times are required to make a confident statement on the absence or presence of a break, and to determine the break parameters. This is particularly important when performing statistical analyses on a large sample of bursts, for making collimation corrected energy estimates, and for using GRBs as standard candles.
Judging from the cases of GRB 990510 and GRB 060206, there may be a tendency, if not yet strongly significant, for X-ray light curves to have less pronounced or smoother breaks than optical light curves and more detailed theoretical models of jet breaks are necessary to clarify whether jet breaks could vary somewhat between wavebands.
